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ARID WEST WATER QUALITY 
RESEARCH PROJECT
Program Recap



PROJECT ORIGINS AND PURPOSE

ÅEstablished in 1995 through $5,000,000 federal 
appropriation and establishment of an Assistance 
Agreement between EPA and Pima County 
Wastewater Management Department

ïAdditional $500,000 authorized in 2001

ÅñConduct scientific research and disseminate 
scientific information on western ephemeral and 
effluent-dependent waters to help resolve issues 
of significance to both the regulated community 
and regulators at state, tribal, and federal levels.ò
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AWWQRP RESEARCHERS

S Colorado State University, 

S University of Arizona, Environmental 

Research Laboratory; School of 

Renewable Natural Resources

S U.S. Geological Survey, Tucson Desert 

Laboratory

S Aquatic Consulting and Testing, Inc.

S CDM (now CDM Smith)

S Chadwick Ecological Consulting, Inc. 

(now part of GEI Consultants) 

S Ecotox

S ENSR International (now part of 

AECOM)

S Environmental Planning Group

S Hydroqual (now part of HDR)

S Parametrix

S Risk Sciences

S Tetra Tech (with Water Environment 

Research Foundation)

S URS Corporation (now part of 

AECOM)

S Law Offices of Tad Foster, Colorado 

Springs, CO
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ÅVarious Water Quality 
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Water Quality Criteria Studies

ÅExtant Criteria Evaluation

ÅEvaluation of the Reliability of Biotic Ligand Model (BLM) Predictions 

for Copper Toxicity in Waters Characteristic of the Arid West 

ÅEvaluation of the EPA Recalculation Procedure in the Arid West and 

Preparation of the Recalculation Procedure User's Guide

ÅHardness-Dependent Ammonia Toxicity and the Potential Use of the 

Water-Effect Ratio 

ÅSpecial Studies: 

Ƅ Use of the EPA Recalculation Procedure with the Copper Biotic 

Ligand Model

Ƅ Relative Role of Sodium and Alkalinity vs. Hardness in Controlling 

Acute Ammonia Toxicity



ARID WEST WATER QUALITY 
RESEARCH PROJECT
Regulatory Impacts



REGULATORY IMPACTS ïCOPPER CRITERIA

ÅAWWQRP projects:

ïExtant Criteria Evaluation (2003)

ïCopper Biotic Ligand Model (BLM) Evaluation (2006)

ÅUsed in support of USEPA national AWQC (2007)

ïPublications and presentations

ïAffirmed model application
to hard waters

ÅUsed in BLM training courses



THE BIOTIC LIGAND MODEL (BLM): 
A BETTER SOLUTION

ÅEPAôs nationally-recommended criteria (2007) includes the BLM

ÅGenerates aquatic life criteria for Cu (acute and chronic) using 
10 water quality input parameters:

ïTemperature

ïpH

ïDOC *

ïCalcium

ïMagnesium

ïSodium

ïPotassium

ïSulfate

ïChloride

ïAlkalinity

* DOC = dissolved organic carbon



APPLICATION OF THE COPPER BLM

Research 
(1970s ς2001)

Regulatory BLM 
Development 
(2002 ς2007)

National AWQC 
(2007)

State 
Application 

(2008 +)

ωStandards

ω303(d)

ωPermits

12

* Just the beginning!

25 yr 5 yr

10 yr
(and counting)

A whole new set of 
ŎƘŀƭƭŜƴƎŜǎΧ



COPPER BLM: CURRENT STATUS

ÅMost states use
BLM only for 
site-specific standards

ÅOnly OR, KS, DE
with true state-wide
standards (ID soon)



REGULATORY IMPACTS ïALUMINUM CRITERIA

ÅRecalculation Procedure project (2006) 

ïDeveloped first-ever hardness-based AWQC

ï1988 National AWQC (87 & 750 ppb, chronic/acute)
too conservative in all but very soft waters

ÅBasis of New Mexico (2009) and Colorado
(2010) water quality standards

ïNMAC 20.6.4.900,
acute & chronic



NEXT STEPS FOR ALUMINUM

ÅNew science still in development; EPA draft AWQC in 2017

ïUsing simpler approach: Multiple Linear Regression (MLR) model

ïBased only on hardness, pH, and DOC

ÅAnalytical chemistry needs further development

ïTotal recoverable metals assays dissolve non-toxic mineral aluminum

ÅParticular problem in high TSS waters

ÅCan cause significant false positives

ïSolutions?

ÅCoarse pre-filtration (New Mexico ïWQS)

ÅpH 4 ñbioavailable aluminumò extraction procedure (in development)



METALS CRITERIA AND THE ARID WEST

ÅAWWQRP research has helped develop and implement new aquatic 
life criteria for metals

ÅWater quality matters!

ïIts not all about hardnessðpH and DOC 
also important

ïConsidering bioavailability (e.g., BLM) will 
benefit many in Arid West

ÅElevated hardness

ÅDOC in effluent-dependent waters

ïSimpler models now available

ïAlso need to account for TSS 
(e.g., aluminum, likely iron)



ARID WEST WATER QUALITY 
RESEARCH PROJECT
Aquatic Communities of Ephemeral 
Stream Ecosystems



STUDY PURPOSE AND APPROACH

ÅProvide data regarding what biota need to be protected in ephemeral streams ï
Appears to still be one of the best references on the subject

ÅExamined aquatic communities (macroinvertebrate, microinvertebrate, 
vertebrate) in watersheds of three distinct bioregions:

ïHigh plains of eastern Colorado

ïColorado Plateau of northern New Mexico and 

ïSonoran Desert of southern Arizona

ÅSample locations included: 

ïNo upstream source of water (ephemeral streams)

ïEphemeral segments of streams that were
intermittent or perennial elsewhere in the watershed
(ñephemeral reaches of interrupted streamsò)



KEY FINDINGS

ÅResident taxa list for the studied streams differs from:

ïNational database

ïEffluent-dominated/dependent stream database developed 
by the AWWQRP

ÅStandards for ephemeral streams based on resident 
species likely to be quite different from national, state, and 
even site-specific standards for sites with perennial flow. 

ÅPredominance of terrestrial, aerially dispersive types of 
insects suggests that ephemeral stream species lists need 
to be reflective of the watershed they drain



RECOMMENDATIONS

ÅStudies needed over multiple seasons and wider geographical area to take 
into account ecoregional distinctions

ÅMore extensive study of watersheds needed for characterization of: 

ïWatershed complexity, 

ïSoil and geological character, and

ïHydrology

ÅLife cycle study of resident species needed, 
including the fate of cryptobiotic species and
native fish 

ÅMore toxicity data needed on species observed in 
ephemeral streams, particularly data connected to 
life cycle timing and duration of exposure



WHERE DO WE GO FROM HERE?
Big Picture



AWWQRPUSERôS GUIDE ïIMPLEMENTATION OF 
WATER QUALITY STANDARDS

ÅArid West Framework

ÅArid West Research

ÅAvailable and Emerging 
Regulatory Tools

ÅImplementing the Regulatory 
Process

ÅWater Quality Standards 
Implementation - Case Studies

ÅFinding the Best Regulatory 
Solution



CLASSIC NET ENVIRONMENTAL BENEFIT (NEB) 
CONCEPT

ÅOriginally presented 
as a type of Use 
Attainability Analysis

Å1993 EPA Guidance 
highlighted in Userôs 
Guide

ÅContinues to be a 
relevant concept ï
often indirectly



NEB CONCEPT MAY BE MANIFESTED IN 
INTERESTING  WAYS

ÅLake Elsinore Nutrient TMDL 
Revision

ïLake naturally dries up 
periodically 

ïTMDL incorporates goal to 
keep lake wet to facilitate 
recreational use

ïTMDL encourages 
supplemental water addition 
which impacts nutrients, salt

ïNet environmental benefit 
by keeping lake wet

1940ôs 1954



COMPETING USES & VALUE OF WATER 
CONTINUE TO DRIVE NEB CONCEPT

ÅAWWQRP Concept (Habitat 
Characterization Study 2003)

ÅRequirement to treat may 
result in less water in stream

ïNot just a wastewater 
issueéalso an urban runoff 
capture issue 

ïMill Creek Wetlands and Chris 
Basin Regional BMPs 
(Ontario, CA) 

ÁLimitations on capture of dry 
weather flow high in bacteria, 
because minimum instream 
flow required to protect 
endangered species



WHAT IS THE HIGHEST ATTAINABLE USE?

ÅWater quality standards regulation revised in 2015 to include an important 
term 40 CFR Ä131.3(m) ïHighest Attainable Use 

émodified aquatic life, wildlife, or recreation use that is both closest to the uses 
specified in section 101(a)(2) of the Act and attainable, based on the evaluation 
of the [UAA] factor(s)éThere is no required highest attainable use where the 
State demonstrates the relevant use specified in section 101(a)(2) of the Act 
and sub-categories of such a use are not attainable.

ÅNet Environmental Benefit concept (including competing uses/values of 
water) aligns with Highest Attainable Use definition (at least conceptually)

ÅFuture research should consider these concepts further



WHERE DO WE GO FROM HERE?

ÅFuture research should 
consider:

ïThe ñWhatò

ÁAppropriate uses

ÁRelevant water quality 
criteria

ïThe ñHowò

ÁApplication to permits

ÁCompliance assessment

ÅOften the ñHowò is not well 
developed

Water Quality Standards

ÅBeneficial Uses
ÅWater Quality Criteria
ÅAntidegradation

NPDES Permits

ÅWastewater
ÅStormwater

Water Quality Programs

ÅWater Quality Assessments
Å303(d) List

TMDL Development & 
Implementation



WHERE DO WE GO FROM HERE?
Ephemeral Waters ïWater Quality Criteria
(The ñWhatò ïExample #1)



EPHEMERAL WATERS ïAQUATIC LIFE CRITERIA

ÅAWWQRP Studies: limited aquatic community ïsignificant potential 
for criteria recalculation

ïFew/no fish 

ïFew/no planktonic crustaceans

ïPerhaps larger influence of terrestrial insects?

ÅLikely recolonize/recover quickly

ïMay argue for shorter excursion frequencies

ÅWater quality characteristics favor bioavailability-based approaches

ïVery hard waters, not correlated with alkalinity

ïWastewater effluent will introduce DOC



EPHEMERAL WATERS CRITERIA ïSOLUTIONS?

ÅExisting solutions

ïAcute criteria only (e.g., NM and AZ)

ïDefault criteria recalculation (e.g., AZ)

ÅMetals criteria recalculated without fish and planktonic crustaceans

ÅAdditional research needs for new solutions?

ïMore careful attention to criteria recalculation based on results of ephemeral 
waters study (e.g., other insects)

ïOther species of more recent concern (e.g., mayflies, bivalves, gastropods)

ïMore careful attention to reduced averaging periods and/or excursion 
frequenciesðwill this assist with permit compliance?



EPHEMERAL WATERS CRITERIA - WOTUS

ÅWaters of the US (WOTUS) rule (2015) ïpotentially increased 
focus on regulating ephemeral waters (as tributaries)

ïDefinition of ephemeral waters and making jurisdictional decisions may 
be particularly challenging in the Arid West

ÅSome regional guidance from ACOE

ÅMay need additional refinement

ïImpacts on downstream waters may not be as clear as supposed, 
specifically with respect to attainment of WQ standards

ïIf implemented, focus on assigning appropriate and protective criteria 
to ephemeral waters may grow



WHERE DO WE GO FROM HERE?
Salts ïWater Quality Criteria
(The ñWhatò ïExample #2)



AQUATIC LIFE CRITERIA FOR DISSOLVED SALTS

ÅIn 2016, EPA proposed a new field-based approach
for derivation of aquatic life criteria for
dissolved ions

ÅUses conductivity as a proxy for dissolved
ion concentrations

ÅNot based on laboratory toxicity studies

ÅUses presence/absence patterns of
benthic macroinvertebrates
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BASIS OF EPACONDUCTIVITY CRITERIA

Quantifies extirpation of benthic macroinvertebrates vs. 
conductivity

ïXC95 = conductivity above which a 

genus is effectively absent (extirpated)

ÅInstead of acute (LC50) or chronic (IC20) response in controlled lab studies

Underlying Assumptions

1. Absence from sample = absence from site

2. Absence from site = extirpation

3. Ionic strength is the cause

34
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BASIS OF EPACONDUCTIVITY CRITERIA

ÅXC95 values then are
ranked by conductivity

ÅCriteria concentration = 
5th percentile of this
distribution (chronic)

ïAcute criterion = 90th

percentile of sites meeting
the chronic criterion

Ғ мсл ƳƎκ[ ¢5{



BACKGROUND CORRECTION METHOD

ÅFor use where paired
macroinvertebrate
and conductivity data are 
not available

ÅBased on data from 24 
ecoregions; few from
Arid West:



ARID WEST QUESTIONS/CONCERNS

ÅDoes this field-based method apply to waters in the Arid West?

ïData sets large enough in Arid West ecoregions mostly from higher 
elevation, perennial waters

ïTherefore, can this method be used in ephemeral (or even effluent-
dependent) waters?

ÅWhat about the background-correction method?

ÅIf implemented, such criteria would be difficult to apply, and 
likely lead to very restrictive concentrations

ÅResearch clearly warranted if this method is to be applied in the 
region



WHERE DO WE GO FROM HERE?
Central Valley Salinity ïExample of 
Both ñWhatò and ñHowò



CENTRAL VALLEY SALINITY

Sacramento River
ÅAnnual Precipitation:
ƄRedding ςооέ
ƄSacramento ςмтέ
ÅAnnual Salt Load
Ƅ1.17 million tonsÅThree hydrologic regions

Ƅ Sacramento River

Ƅ San Joaquin River

Ƅ Tulare Lake

ÅAnnual precipitation declines while 
annual salt load increases from north to 
south

ÅWater quality, especially groundwater, 
increasingly impacted

ÅNeed for broad-based solutions that 
consider significant hydrologic 
differences across the Region

San Joaquin River
ÅAnnual Precipitation:
ƄLodi ςмтέ
ƄMadera ςммέ
ÅAnnual Salt Load
Ƅ2.15 million tons

Tulare Lake
ÅAnnual Precipitation:
ƄFresno ςммέ
ƄBakersfield ςсέ
ÅAnnual Salt Load
Ƅ3.76 million tons


